Abstract--Second only to light, daily restricted feeding schedules can entrain circadian rhythms in mammals (Boulos and Terman, 1980, Stephan, 2002). Contrary to light, however, such feeding schedules have been found not to affect the master circadian clock in the suprachiasmatic nucleus (SCN) (Damiola et al., 2000 ).
SCN clock are entrained by daily light, or in constant darkness, where the rhythms are sustained but free run. Under these conditions feeding schedules in which a single meal is provided at a fixed time each day have been shown to alter daily behavioral and physiological rhythms, including rhythms of locomotor activity, body temperature and corticosterone secretion (Boulos and Terman, 1980 , Mistlberger, 1994 , Stephan, 2002 .
Furthermore, under these lighting conditions such schedules were found to gain control over the rhythms of expression of clock genes such as Per1 and Per2 in various peripheral organs, including liver, lung, heart and pancreas, and in some brain regions, including the cerebral cortex and hippocampus (Damiola et al., 2000 , Hara et al., 2001 , Stokkan et al., 2001 , Challet et al., 2003 , Schibler et al., 2003 , Kobayashi et al., 2004 . In contrast, these schedules have been found not to affect Per expression in the SCN of rodents (Damiola et al., 2000 , Schibler et al., 2003 . These findings suggest that the SCN is relatively invulnerable to feeding schedules and such a conclusion is consistent with evidence that the SCN clock is not required for circadian entrainment by feeding schedules (Stephan et al., 1979 , Mistlberger, 1994 , Hara et al., 2001 ). Alternatively, it may not be that the SCN is invulnerable to the effects of such feeding schedules, rather it may be that factors that promote the normal operation of the clock somehow buffer it from these effects (Castillo et al., 2004) . To address this idea we studied the effect of a restricted feeding schedule in rats housed in prolonged constant light (LL), a condition that abolishes the circadian oscillations of Per in the SCN and leads to behavioral and physiological arrhythmicity (Beaule et al., 2003 , Sudo et al., 2003 . We assessed locomotor activity and the expression of the clock protein PER2 in the SCN and in one extra SCN structure, the oval nucleus of the bed nucleus of the stria terminalis (BNST-OV), where we have found that the rhythm of PER2 expression is normally synchronized with that in the SCN and, like the SCN, is abolished in LL (Amir et al., 2004) .
EXPERIMENTAL PROCEDURES

Animals and housing
The experimental procedures followed the guidelines of the Canadian Council on Animal Care and were approved by the Animal Care Committee, Concordia University. Adult male Wistar rats (275-300 g) were housed individually in clear plastic cages equipped with running wheels. Each cage was place in a ventilated, sound and light tight isolation chamber equipped with a computer-controlled lighting system (VitalView Mini Mitter Co. Inc., Sunriver, OR). The rats were maintained either on a 12h:12h light/dark cycle ((LD, light: 300 lux at cage level) or LL. Wheel-running activity data were recorded with VitalView software (Mini Mitter Co.) and analyzed with Circadia, as previously described (Amir et al., 2004) . After at least 4 weeks of LD or LL housing with free access to food and water, half of the rats from each lighting condition were placed on a restricted feeding schedule for 10 days. Rats from the LD condition were allowed to eat for 3 h/day, during the daytime, from zeitgeber time (ZT) to ZT7 (ZT0 denotes the onset of the light phase). Rats housed in LL were allowed to eat for 3 h/day at the same time.
Control rats from each lighting condition continued to have free access to food. All rats were perfused 11 days after the start of the restricted feeding or control schedules. Rats from the LD groups were perfused at ZT0, 6, 12, or 18. Rats from the LL groups were perfused 0, 6, 12, or 18 hours after food presentation.
Tissue Preparation
Rats were injected with an overdose of sodium pentobarbital (100 mg/kg) and were perfused intracardially with 300 ml of cold saline (0.9% NaCl) followed by 300 ml of cold, 4% paraformaldehyde in a 0.1 M phosphate buffer (pH 7.3). Following perfusion, brains were postfixed in 4% paraformaldehyde and stored at 4° C overnight. Serial coronal brain sections (50 µm) were collected from each animal using a vibratome.
Immunocytochemistry
Free floating sections were washed in cold 50 mM Tris buffered saline (TBS; pH 7.6) and incubated at room temperature for 30 minutes in a quenching solution made of TBS and 3% w/w hydrogen peroxide (H 2 O 2 ). Following the quenching phase, sections were rinsed in cold TBS and incubated for 1 hour at room temperature in a pre-blocking solution made of 0.3% Triton X 100 in TBS (Triton-TBS), 3% normal goat serum and 5% milk buffer. Following the pre-blocking phase, sections were transferred directly into an affinity purified rabbit polyclonal antibody raised against PER2 (Alpha Diagnostic International, San Antonio, TX) diluted 1:1000 with a solution of Triton-TBS with 3% normal goat serum in milk buffer. Sections were incubated with the primary antibody for 48h at 4°C. Following incubation in the primary antibody, sections were rinsed in cold TBS and incubated for 1 hour at °C with a biotinylated anti-rabbit IgG made in goat (Vector Labs, Burlingame, CA), diluted 1:200 with Triton-TBS with 2% normal goat serum. Following incubation with secondary antibody, sections were rinsed in cold TBS and incubated for 2 hours at °C with an avidin-biotin-peroxidase complex (Vectastain Elite ABC Kit, Vector Labs). Following incubation with the ABC reagents, sections were rinsed with cold TBS, rinsed again with cold 50 mM Tris-HCl (pH 7.6), and again for 10 minutes with 0.05% 3,3'-diaminobenzidine (DAB) in 50 mM Tris-HCl. Sections were then incubated on an orbital shaker for 10 minutes in DAB/Tris-HCl with 0.01% H 2 O 2 and 8% NiCl 2 . After this final incubation, sections were rinsed in cold TBS, wetmounted onto gel-coated slides, dehydrated through a series of alcohols, soaked in Citrisolv (Fisher), and cover-slipped with Permount (Fisher).
Data Analysis
Stained brain sections were examined under a light microscope and images were captured under X20 magnification using a Sony XC-77 video camera, a Scion LG-3 frame grabber, and NIH Image (v1.63) software, as previously described (Amir et al., 2004) . 
RESULTS AND DISCUSSION
In freely fed control rats housed under a 12h:12h LD cycle, running wheel activity was confined to the dark phase ( Fig. 1-a, top) , and, as previously described (Amir et al., 2004) , PER2 expression in the SCN and BNST-OV was rhythmic and synchronous, peaking in the beginning of the dark phase, at ZT12 (Fig. 1-a, bottom) . When rats housed in LD were placed on a restricted feeding schedule in which food was given for 3 hours each day, from ZT4 to ZT7, the normal pattern of nighttime activity was altered, and a second, distinct bout of activity of 2-to 3-h emerged in all rats before and during daytime food presentation (Fig. 1-b, top) . Furthermore, this restricted feeding schedule uncoupled the rhythm of PER2 expression in the BNST-OV from that in the SCN. The peak of PER2 expression in the BNST-OV was delayed by 6 h relative to that in the SCN and peaked 12 h after food access (Fig. 1-b, bottom) . The PER2 rhythm of the SCN was not affected by the RF schedule in these rats and expression remained entrained to the light cycle, peaking at ZT12 (Fig. 1-b, bottom) .
In rats housed in prolonged LL with free access to food, activity rhythms and (Fig. 2-a) . In another group of LL housed rats, the schedule of restricted feeding led to the emergence of a distinct daily pattern of locomotor activity synchronized to the time of daily food presentation (Fig. 2-b) .
Importantly, in these rats we found a significant circadian rhythm of PER2 expression both in the SCN (F[3,20] =14.33, p<.0001) and in the 20] =14.09, p<.0001). Expression of PER2 in these regions was synchronous peaking 12 hours after food access (Fig. 2-b) .
These results show that the SCN is sensitive to daily restricted feeding and that this sensitivity depends on the state of its endogenous oscillations. When the rhythms of the SCN are entrained by the light cycle the SCN is invulnerable to the effects of scheduled feeding, as previously shown (Damiola et al., 2000 , whereas when the SCN becomes arrhythmic, daily restricted feeding induces a circadian rhythm of PER2 expression in the SCN. Contrary to what was found for the SCN, the expression of PER2 in the BNST-OV was affected by daily scheduled feeding in both rhythmic and arrhythmic rats. Specifically, in normally entrained rats, the rhythm of PER2 expression in the BNST-OV was shifted by the feeding schedule, peaking 12 hours after daily feeding, and was uncoupled from that in the SCN which remained locked to night onset. Interestingly, however, in arrhythmic rats the PER2 rhythms induced in the BNST-OV was synchronous with that in the SCN, both peaking 12 hours after daily feeding. It is tempting to speculate that restoration of the PER2 rhythm of the SCN of arrhythmic rats is mediated by a signal from oscillators outside the SCN such as those in the BNST-OV, that are directly responsive to the metabolic or behavioral effects of daily feeding schedules (Stephan, 1986 . Alternatively, signals related to daily feeding could reach the SCN from brain regions involved in the regulation of food intake or locomotor activity (Moga and Moore, 1997) , independently of such peripheral oscillators. In either case, our results are consistent with findings demonstrating that the activity of the SCN neurons can be directly affected by behavioral and homeostatic states such as locomotor activity and sleep-wake state (Schaap and Meijer, 2001 .
In summary, we find that in arrhythmic rats a daily restricted feeding schedule not only restores and entrains an activity rhythm but also induces synchronized PER2 rhythms in the SCN and BNST-OV that peak 12 hours after daily feeding. Thus 
